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Department of Pathology, University of Chicago, Chicago, IL, USA Tumours from multiple cancer types can be infiltrated by CD8 þ T cells (TILs) (Spranger et al, 2016) . TILs are thought to be suppressed by multiple immune inhibitory molecules in the tumour microenvironment, and this suppression has been associated with tumour progression (Gajewski et al, 2013) . Therefore, despite tumour infiltration, almost all tumours containing TILs will progress if not treated. While several immune inhibitory mechanisms have been identified, immune inhibitory receptors expressed on activated T cells, like CTLA-4 and PD-1, have received the most attention over recent years owing to the immense clinical success of PD-1 and CTLA-4 neutralising antibodies (Hodi et al, 2010; Topalian et al, 2012) . The engagement of inhibitory receptors expressed by TILs is thought to render TILs dysfunctional. However, evidence from both human tumour samples and mouse models has suggested that, despite inhibitory receptor expression, TILs are not functionally inert and actually retain the ability to proliferate, produce IFN-g (Daud et al, 2016; Williams et al, 2017) , and show ex vivo cytotoxicity (Mahnke et al, 2012) . These observations raise the question of why activated TILs are not able to spontaneously control progressing tumours, and how tumours that contain TILs might sometimes be resistant to immunotherapies such as checkpoint blockade. Current immunotherapies can induce durable tumour regression; however, they benefit a minority of patients: finding new strategies to increase the response rate to immunotherapies is of great interest to both researchers and clinicians.
Two new studies have reported that CD8 þ TILs undergo apoptosis within the tumour microenvironment, indicating that their apoptosis is a contributing factor to the frequent failure of TILs to reject tumours. Studies from Zhu et al (Zhu et al, 2017) and from our own laboratory found that antigenspecific CD8
þ T cells undergo apoptosis in the tumour microenvironment, limiting their ability to control progressing tumours and respond to immunotherapy. Zhu et al utilised an inducible melanoma model expressing a tumour antigen, P1A, to test for responsiveness to various types of immunotherapy. They found that adoptive cell transfer (ACT) of activated CD8 þ T cells into the murine model was able to regress transplanted melanomas, but not induced melanomas. From this finding, the authors investigated the differences between the transplanted and induced melanoma models. The authors found that in induced melanomas, where ACT was unsuccessful, both the transferred and endogenous CD8
þ TILs underwent increased apoptosis compared with the transplanted tumours. In their model, TIL apoptosis was dependent on IFN-g, which increased at the tumour site after ACT. The study by Horton and colleagues also found that apoptosis of CD8 þ TILs limited endogenous anti-tumour immunity, in this case utilising the transplantable B16.SIY melanoma model, a B16 melanoma line that was engineered to express the CD8 þ T-cell antigen SIY. They tracked antigen-specific TILs using either K b / SIY pentamers or surface expression of both LAG-3 and 4-1BB, a phenotype which was previously found to identify dysfunctional, tumour antigen-specific cells in the tumour microenvironment . The authors found that LAG-3
þ TILs constantly proliferated in situ; however, despite this constant proliferation there was no accumulation of antigenspecific CD8
þ TILs as the tumours progressed. Investigating this phenomenon, Horton and colleagues found that antigen-specific CD8 þ TILs underwent apoptosis in the steady state during tumour progression, indicating that a futile cycle of proliferation and apoptosis was linked to T-cell dysfunction in the tumour microenvironment. Utilising multiple transplantable cell lines as well as an autochthonous, inducible melanoma model, they determined that apoptosis of antigen-specific TILs occurred in progressing, but not spontaneously regressing, tumours. This reduction in TIL apoptosis in regressing tumours is also consistent with observations by Zhu and colleagues, who found reduced TIL apoptosis during tumour regression induced by ACT. In their own ACT experiments, Horton and colleagues found that overexpression of Bcl-x L in transferred antigen-specific T cells increased tumour control, clearly demonstrating that apoptosis was a significant barrier to T-cell-mediated tumour rejection.
In studying the mechanism of TIL apoptosis, Horton and colleagues found that the proliferating/apoptosing CD8 þ T cells showed DNA damage response induction by gene expression profiling, and revealed evidence for DNA damage by staining for gH2AX. Interestingly, DNA damage was not found in proliferative T cells in spleens or lymph nodes, indicating that this phenomenon was restricted to proliferating T cells within the tumour site. The results implied that T-cell activation and proliferation, specifically in the tumour microenvironment, leads to DNA damage and apoptosis. These results raise the possibility that oxidative stress from the noxious tumour environment could lead to the accumulation of DNA damage that results in TIL apoptosis.
Results from these studies highlight that apoptosis of TILs may be a critical part of the failure of the immune system to reject tumours, both during steady state and during immunotherapy. In both studies, modulating apoptosis increased tumour control by checkpoint blockade. Zhu and colleagues found that inhibiting FasL-Fas signalling and depleting MDSCs increased the responsiveness to checkpoint blockade in the inducible melanoma model, whereas Horton and colleagues determined that the synergy between checkpoint blockade and agonist anti-4-1BB antibodies corresponded to a large decrease in the apoptosis of antigenspecific TILs. The subtle differences between models could be related to the tumour type, the composition of immune suppressive cells within the tumour microenvironment, and the strength of antigen stimulation. Nevertheless, it will be critical to determine the role TIL apoptosis plays in human tumours, as therapeutic strategies could be developed to overcome this barrier.
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The authors declare no conflict of interest. . Tumour antigen-specific TILs undergo apoptosis during tumour progression (top): Zhu and colleagues found that TIL apoptosis was a result of FasL expression on MDSCs that was driven by TIL-produced IFNc. Horton and colleagues found that TIL apoptosis was associated with antigen-induced T-cell dysfunction, and possibly due to the accumulation of DNA damage in dysfunctional TILs. Inhibiting TIL apoptosis enhances tumour control (bottom): Zhu and colleagues found that administration of an Fas-Fc protein and depletion of MDSCs enhanced the efficacy of checkpoint blockade. Horton and colleagues found that an agonist 4-1BB antibody synergised with checkpoint blockade to decrease TIL apoptosis and enhance tumour control. Mechanisms of human TIL apoptosis should be investigated in order to develop therapeutic strategies to enhance TIL survival.
